Pain Neuroscience Education (PNE) has been shown to increase patient and healthcare provider knowledge of pain. To date, however, no study has examined if that knowledge is maintained over time. Patients suffering from chronic pain were invited to attend a free PNE lecture. Patients were required to complete intake demographics followed by two self-report measures 2 weeks before, 48 hours before, 48 hours after, 6 weeks after and 12 weeks after the PNE lecture. The two self-report measures collected at each interval were pain ratings (numeric rating scale [NRS]) and knowledge of pain (Neurophysiology Pain Questionnaire [NPQ]). Only data from patients who completed these measures at each interval were analysed. A repeated ANOVA was used to analyse the changes in NRS and NPQ over time. Forty-seven patients (11.4 years of pain) completed all five surveys for analysis. The NPQ scores showed significant increases in pain knowledge from 2 weeks pre-PNE to all post-PNE intervals (p = 0.002, p = 0.001, p = 0.005), as well as 48 hours pre-PNE to all post PNE-intervals (p = 0.001, p <0.001, p = 0.001). A single PNE session has the ability to increase pain knowledge, and maintain the increased knowledge 3 months later. 
INTRODUCTION
Teaching people about the neurobiology and physiology of pain has gained popularity in physiotherapy in recent years (Nijs et al 2011, Nijs and Van Houdenhove 2009) . This approach of teaching people more about the biology and physiology of a pain experience is referred to as pain neuroscience education (PNE) (Louw et al 2015a , Zimney et al 2014 . For people suffering from persistent pain, several randomised controlled trials and a systematic review have reported compelling evidence for PNE having a positive effect on pain, function, pain catastrophisation and physical movement (Louw et al 2011 , Moseley et al 2004 , Moseley 2002 . For more acute and sub-acute conditions, a recent multi-centre randomised controlled trial of PNE provided preoperatively for lumbar surgery reported a significant reduction in healthcare utilisation at 1-year follow-up, as well as superior surgical experience from the patient's perspective (Louw et al 2014a) .
In lieu of the positive outcomes associated with PNE, various authors have proposed different mechanisms behind the success of PNE (Meeus et al 2010 , Moseley 2003a , Moseley et al 2004 . Some authors have argued that PNE reduces fear, which in turn leads to improved movements, function and a decreased pain experience (Moseley et al 2004) . Moseley (2002) argued that PNE's proposed success may be associated with a reconceptualisation of pain by the patient. This reconceptualisation dichotomises tissue issues (nociception) and pain, thus helping patients understand that tissue injury and pain are not synonymous (Nijs et al 2013 , Puentedura et al 2009 . Furthermore, it has been argued that one of PNE's benefits may be associated with a "new" pain language which utilises fewer provocative words, thus decreasing the pain experience (Louw et al 2013a , Louw et al 2014b . Louw et al (2015a) showed that PNE provided prior to lumbar surgery resulted in patients having a more realistic expectation about pain after surgery, and helped them appreciate that pain is a normal part of the human experience.
Although these studies all argue various aspects of the proposed mechanism behind PNE's success, all of the studies assume that patients' understanding and knowledge of pain has increased. In 2003, Moseley (2003b) conducted a study whereby he used a Neurophysiology of Pain Questionnaire (NPQ) to measure if patients and healthcare providers indeed experienced an increase in knowledge of pain, following a 3 hour PNE lecture. The results from 276 patients with chronic pain and 288 healthcare providers showed that following a PNE lecture, both patients and healthcare providers had an increased knowledge of pain (patients improved by 32%; healthcare providers 23%). To date, however, no studies have tested if NPQ increases following an initial PNE presentation are sustained when measured at a later interval. The purpose of this study was therefore to examine if an increased knowledge of pain neuroscience is maintained after an initial pain neuroscience educational session.
METHODS

Study design
This was a multi-centre trial. All participants acknowledged their understanding and willingness to participate by providing signed consent. Prior to the study, ethics approval was obtained. Participants were informed that the study was aimed at measuring their level of pain before and after a communitybased lecture on PNE. Participants were blinded to the true purpose of the study, i.e. retention of pain neuroscience knowledge.
Setting
An educational seminar company specialising in PNE for physiotherapists secured large auditoriums in three different cities for the study. One venue was a hotel conference room and the other two were physiotherapy school auditoriums. Each facility was disability accessible, with overhead sound, a projections screen and projector.
Participants and recruitment
Brochures advertising the event were sent to physiotherapists in the seminar company's database who worked in the three designated cities. Physiotherapists were alerted to the event and asked to encourage current or past patients with chronic pain to attend the 2 hour evening lecture. The brochures indicated that the physiotherapists in the area would be hosting a free 2-hour evening lecture on the latest understanding of pain and feature a pain specialist. The brochures encouraged anyone currently experiencing chronic pain and interested in knowing more about "how pain works" to attend. No specific exclusions were listed in regards to diagnoses, duration of pain, and location of pain, gender, age or ethnicity, except the disclaimer that the presentation was being delivered in English. Family members interested in attending were allowed to attend the lectures. Even though the presentations were free, interested patients were asked to sign up for the event, allowing organisers to mail attendees details about the evening lecture (location, date, times) and allowing the researchers to send a letter to each patient inviting them to be part of the study. The letter explained that participation in the study was completely voluntary and their participation would not be reported to any healthcare provider. Additionally, participants were informed that the speaker of the event would be blinded to their being part of the study or not. The letter informed attendees they would be required to complete two questionnaires at five different intervals (2 weeks before; 48 hours before; 48 hours after; 6 weeks after and 12 weeks after) (Figure 1 ). Participants were furthermore informed that those who participated in the study and completed the questionnaires at all of the five intervals would be compensated for their time with a gift card. 
Intervention
The content of PNE is well documented and in line with other studies (Louw 2014 , Louw et al 2013a , Moseley 2003b , Zimney et al 2014 . The 2-hour PowerPoint presentation's main themes included a discussion of peripheral sensitisation, central sensitisation, bio-psycho-social factors associated with chronic pain, immune responses in pain, threat appraisal of the brain, the pain neuromatrix, nociception, somatosensory cortex changes and pain, stress and endocrine responses in pain as well as various therapeutic strategies to ease pain (Louw 2014 , Louw et al 2013a , Moseley 2003b , Zimney et al 2014 . Various images, metaphors and examples were used to convey the PNE to the attendees (Louw 2013) . Notepads and pens were provided for patients to take notes. A small summary booklet was provided to each participant upon completion of the lectures. Following the formal presentation, participants were encouraged to ask questions. The presentation did not specifically address or target any questions contained in the NPQ.
Outcome measures
Participants interested and willing to participate completed a demographic survey capturing their age; gender; duration of pain; height; weight; and location of their pain. Additionally, participants were asked to complete two self-report outcome measures:
• Pain: Pain was assessed using the Numeric Pain Rating Scale (NRS), as has been used in various PNE studies measuring pain outcomes (Moseley 2003a , Moseley 2005 , Moseley 2002 ). The minimal detectable change (MDC) for the NRS is reported to be 2.1 (Cleland et al 2008) .
• Pain Knowledge: Pain knowledge was measured using the NPQ. The NPQ is based on a current pain science text (Wall and Melzack 1999) and was used in a previous study measuring the neurophysiology knowledge of patients and healthcare personnel (Moseley 2003b ). The NPQ is a 19-point questionnaire requesting 'true'; 'false'; or 'not sure' answers to statements, with higher scores indicating more correct answers. The questionnaire used in this study was similar to the one used by Moseley (2003b) and adapted slightly to make it easier for patients to understand, e.g., "nociception" was replaced with "danger messages." Since the development of the NPQ a statistical analysis of the NPQ has led to the development of an abbreviated NPQ which removed ambiguous questions (Catley et al 2013) . The revised NPQ was not available by the time this trial started.
At the designated timed intervals (Figure 1 ), participants were sent online links and reminders (Surveymonkey) (George et al 2013) to complete the NRS and NPQ. The demographic sheets were only to be completed at the initial survey starting point 2 weeks before the lecture. Reminders and links were e-mailed to patients 48 hours prior to, 48 hours after, 6 weeks after and 12 weeks after the PNE presentation. All e-mail links and e-mail correspondence with participants were performed by an independent research assistant and none of the primary investigators.
Data analysis
All data were analysed using SPSS version 22.0 (SPSS Inc., Chicago, Illinois, USA). Level of significance was set at α=0.05.
To determine whether there were any significant differences in NPRS and NPQ at each time point, a repeated measures ANOVA (five time points) was conducted for each of the dependent variables (NRS and NPQ). If an interaction was observed then simple main effects were tested, with appropriate Bonferroni correction.
RESULTS
Patients
Figure 2 provides a flow chart of the study. Out of 228 eligible patients with chronic pain, only 132 (57.9%) indicated they were willing to participate by completing the initial intake forms; NRS and NPQ 2 weeks before the PNE Education session. Of the 132 entered into the study, 85 failed to complete post-PNE outcome measures from at least one follow up time point leaving us with viable data from only 47 participants. Analysis for this study was therefore based on data from 47 participants (Table 1) , with a mean age of 56.5 years and a mean duration of pain of 11.4 years. 
Pain knowledge
The pre and post-PNE NPQ scores are found in Figure 3 and Table 2 . The NPQ scores showed significant increases in pain knowledge from 2 weeks pre-PNE to all post-PNE intervals, as well as 48 hours pre-PNE to all post PNE-intervals. During the control period (no PNE), from 2 weeks prior to PNE to 48 hours pre-PNE, there was no statistical difference in pain knowledge (p = 0.46). Immediate post PNE NPQ scores remained similar to scores at 6 and 12 weeks post-PNE (p = 1.00 and p = 0.55 respectively).
Figure 3 NPQ and NRS data at each intake interval
Notes: NPQ, Numeric Pain rating Scale; NRS, Numeric Pain Rating Scale; PNE, Pain Neuroscience Education 
Pain
The NRS scores at each interval are found in Figure 3 . There were significant differences in pain (NRS) between 2 weeks before and 6 weeks after (p = 0.02), 48 hours after and 12 weeks after (p = 0.03) and between 6 weeks after and 12 weeks after (p = 0.03), but the differences did not meet the minimal detectable change of 2.1.
DISCUSSION
This is the first study to show that a single PNE session for people in chronic pain has the ability to increase pain knowledge, and this increased pain knowledge remains intact three months following the single educational intervention.
It can be argued that for PNE to be effective patients need to receive the message, internalise the message and then apply it to their current pain experience. This premise is the fundamental underpinning of deep learning (Sandberg and Barnard 1997, Wittmann-Price and Godshall 2009) . Various studies discussing behaviour change call for deep learning whereby patients indeed need to be exposed to a conceptual change, with application of the information to their situation, and the message must be carried away with them to allow true change (Crabtree et al 2001) . In contrast, it is argued that a main reason why healthcare education fails is because of superficial learning. In superficial learning, a patient receives the message, but the message is not internalised and applied to the healthcare issue, thus eroding over time. Although various factors such as motivation, social and environmental influences, all play a role in deep learning (Sandberg and Barnard 1997, WittmannPrice and Godshall 2009) , it can be argued that a fundamental starting point has to be a gained knowledge of the healthcare information imparted by the healthcare provider and this information should not erode over time. To prevent the erosion of gained information, various strategies such as follow-up phone calls; websites with information; and providing a handout of the educational material can be implemented (Cherkin et al 1996 , Louw et al 2013b , Oshodi 2007 . In regards to PNE and physiotherapy, this is the first study to report that gained PNE knowledge immediately after a single PNE educational session remains intact three months later.
The results from this study warrant an investigation as to why the gained knowledge remained intact three months later, in comparison to various studies reporting a typical erosion effect with single-educational-design interventions. One argument is the interest in pain by people suffering from pain (Louw et al 2009) . Various authors have implied that the current models used to teach people about pain are inadequate (Gifford 1998 , Moseley 2007 , Nijs et al 2013 . In orthopaedics, as an example, as a means to explain pain to a patient, healthcare providers often migrate towards biomedical models such as anatomy and biomechanics. Not only have these models been shown to be unhelpful in understanding why they hurt, but they also induce fear and anxiety in patients (Sloan and Walsh 2010) . PNE by definition aims to reconceptualise pain, thus minimising biomechanical and anatomical issues as a main source of pain, and rather focuses on the biological processes associated with persistent pain, such as central sensitisation (Moseley 2007) . Given that this cohort of participants comprised a seasoned chronic pain population with a mean duration of pain over 11 years, it could be argued they were seeking a new paradigm to understand why they still hurt. Participants were clearly engaged and interested in the material, since their knowledge of pain neurophysiology increased by 38%, which correlates well with the 32% reported by Moseley (2003b) .
To date, no study has shown that an increase in NPQ is correlated to decreased pain. In fact, a recent case series of patients preparing for lumbar surgery (Louw et al 2015a) , as well as a single-case functional magnetic resonance imaging (fMRI) study (Louw et al 2015b) , showed that immediately after PNE, patients often have a small increase in their pain, often clinically referred to as "explain pain pain." Educational theorists believe this slight increase may in fact be a sign of deep learning, indicating patients received the message and internalised it, which may lead to an emotional response. The fact that pain in itself was not meaningfully changed at any interval after PNE is not surprising. In people with chronic pain there are various biological changes associated with an increased pain experience as a means to protect (Woolf 2007, Woolf and Salter 2000) . These changes are often either irreversible or likely to take a long time to change, allowing pain to ease. This belief is underscored by the fundamental premise of cognitive behavioural therapy that aims to improve function despite pain (Nijs et al 2012 , Ostelo et al 2003 . In a recent multi-centre randomised controlled trial, Louw et al. showed that after low back surgery, patients who received PNE prior to surgery had similar back and leg pain ratings one year after surgery, but despite the pain, spent 45% less on healthcare in the 1 year after surgery and rated their surgery as a success, when compared to patients who did not receive PNE (Louw et al 2014a) . The results from these studies, along with this study's results, may in fact indicate that pain ratings may not be an appropriate indication of success of PNE. PNE reconceptualises pain and aims to help patients understand that pain is not an indication of the health of their tissues.
Limitations
This study contains various limitations. Only patients with access to the Internet, ability to attend an evening lecture, and to listen to and speak the English language were able to participate. In addition, only 47 out of 132 (35.6%) of the attendees consenting to participate ended up completing all of the necessary surveys at follow-up. The high loss to follow-up may have potentially skewed the results. Finally, we also cannot discount the possibility that the NPQ may have served as a refresher to the pain education material and therefore, had an impact on results.
CONCLUSION
A fundamental cornerstone of PNE is gained knowledge of pain science. PNE is able to increase people in pain's knowledge of pain, according to modern pain science, and this enhanced knowledge of pain remains intact three months after a single educational intervention.
KEY POINTS
1. Pain neuroscience education (PNE) is able to increase a person's knowledge of pain.
2. The increase in pain knowledge following a PNE session is maintained three months after the PNE session.
3. Although PNE increases pain knowledge and is maintained three months later, it does not lead to decreased pain ratings.
4. The ability to produce a gained knowledge of pain with a PNE lecture can be replicated in a multi-centre approach, thus providing the potential for large scale therapeutic educational approaches to help people suffering from persistent pain.
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